Abstract. The mechanisms leading to squamous cell carcinoma of the head and neck (SccHN) metastasis are incompletely understood. Although evidence shows that the chemokine receptor 7 (ccR7) and its ligand ccL19 may regulate tumor dissemination, their role in SCCHN is not clearly defined. CCR7 has been shown to regulate integrins, which facilitate adhesion of cancer cells to and/or migration through the extracellular matrix (EcM). To investigate the relationship between ccR7 and integrin αvβ3 in metastatic SccHN, we used adhesion and migration assays, immunofluorescence staining and western blotting to determine whether integrin αvβ3 can be activated by ccL19 in the metastatic SccHN cell line PcI-37B, which was pre-incubated with ccL19 or the integrin αvβ3 inhibitor, IS201. Our results demonstrate that ccR7 favors PcI-37B cell adhesion and migration, induces reorganization of the actin cytoskeleton and induces integrin αvβ3 phosphorylation. The integrin αvβ3 inhibitor, IS201, blocked all of these effects. ccR7 and integrin αvβ3 expression significantly and positively correlated with tumor size, clinical stage and nodal metastasis. Taken together, our data indicate that ccR7 regulates cell adhesion and migration via integrin αvβ3 in metastatic SccHN. These results should provide the groundwork for new strategies aimed at preventing SccHN metastasis.
Introduction
Metastasis, the leading cause of death in cancer patients, is a complex, non-random and organ-specific process, which depends on the successful accomplishment of several sequential steps by the tumor cells, from the primary tumor to the secondary organs (1) . Two main theories, which are the 'seed and soil' concept and the 'homing theory', have been proposed to explain the organ specificity seen for many tumors. Nevertheless, our knowledge of the molecular mechanisms underlying the metastatic process is still limited. Migration and adhesion of tumor cells may be essential prerequisites for the formation of metastases in malignant diseases.
Squamous cell carcinoma of the head and neck (SccHN), a malignant tumor of epithelial origin, accounts for more than 90% of all head and neck cancers (2) . The 5-year survival rate of less than 30% is due to a high lymphogenic metastatic tendency, a high recurrence rate, and an increased occurrence of secondary tumors. No significant increase in the long-term SccHN survival rate has been achieved in the past 30 years, despite substantial improvements in diagnosis, local management, and chemotherapy. Novel targets that can serve as the foundation for biologically based therapeutic strategies are needed (3) .
The chemokines are a superfamily of low molecular weight (8-10 kda) peptides, initially characterized by their ability to induce migration of leukocytes. chemokines are classified into four highly conserved groups: CXC, CC, C, and CX3C, based on the position of the first two cysteines adjacent to the amino terminus. Since chemokine receptors were found to be expressed in cancers, it was concluded that chemokine/ receptor pairs may also control the migration of tumor cells through the endothelial vessel wall and EcM. The chemokine receptor 7 (ccR7) and its two ligands, ccL19 and ccL21, are thought to play a central role in regulating migration of lymphocytes to lymph nodes and metastasis of many solid tumors. For example, this signaling pathway is involved in the migration of mature dendritic cells (dcs) (4), T and B cells (5) , non-small cell lung cancer (6, 7) , gastric carcinoma (8) , colorectal carcinoma (9) and SccHN (2, 3, 10, 11) .
Integrins are a family of transmembrane glycoproteins that mediate cell-cell and cell-matrix interaction (12) . All known members of this superfamily are non-covalently associated heterodimers composed of an α and a β subunit. At present, at least 8 β and 18 α subunits have been characterized. For
Chemokine receptor 7 promotes cell migration and adhesion in metastatic squamous cell carcinoma of the head and neck by activating integrin αvβ3 (18, 19) , and gliomas (20) , and this expression has been correlated with an aggressive phenotype and metastatic dissemination.
Recently, a new role was described for the chemokine family: signaling via chemokine receptors can modulate tumor cell expression of integrins, which can then facilitate adhesion of cancer cells to and/or invasion through the EcM. CXCR4 chemokine receptor mediates prostate tumor cell adhesion through α5 and β3 integrins (21) . ccL21 promotes the migration and adhesion of lymph node metastases of human non-small cell lung cancer via integrins (22) . Binding of the chemokine ccL19/ccL21 to its receptor, ccR7, increases adhesive properties of human mesangial cells by regulating integrins (23) .
given the extensive data suggesting that activation of integrins by ccR7 is involved in the adhesion and migration of prostate cancer (16, 24) , lymphocytic leukemia cells (4, 12) , renal carcinoma cells (25) , dc cells (26) , thyroid carcinoma cells (27) and breast carcinoma cells (14, 15) , we hypothesized that ccR7 might regulate cell adhesion and migration via the αvβ3 integrin in SccHN. This study was designed to determine whether the αvβ3 integrin could be activated by ccR7 and to investigate its role in adhesion and migration in metastatic SccHN.
Materials and methods
Human tumor samples and cell lines. Seventy-eight SccHN tumor specimens with adjacent metastatic (or normal) lymph nodes and ten specimens of normal human oral mucosal tissue were obtained by biopsy prior to chemotherapy or radiotherapy from the Head and Neck Tumor center, School of Stomatology, China Medical university. SCCHN classification, including primary tumors (T), regional lymph nodes (N), distant metastasis (M) and stage grouping, was determined according to the rules of the International Union Against cancer (UIcc) for Head and Neck cancer (Tumor node metastasis, TNM classification, 1997).
PcI-37B, which are well-characterized SccHN cell lines derived from the metastatic lymph node of SccHN patients, were kindly donated by the University of Pittsburgh cancer Institute. PcI-37B cells were cultured as previously described (10, 11, 28) in Dulbecco's modified eagle's medium (DMeM) (Invitrogen, carlsbad, cA, USA), supplemented with 10% fetal bovine serum (FBS) (gibco, carlsbad, cA, USA), 100 U/ml penicillin g, and 100 U/ml streptomycin in an atmosphere of 95% air/5% cO 2 at 37˚C. When inhibitors were used, inhibitor treatment at the dose used did not affect the viability or expression of ccR7 by the cells.
Reagents and antibodies. CCL19, CCR7-specific monoclonal antibody (mouse anti-human ccR7), αvβ3 integrin, bovine serum albumin (BSA), and fibronectin (fN) were purchased from R&d Systems (Minneapolis, MN, USA). Matrigel™ Basement Membrane Matrix was purchased from Bd Bioscience Pharmingen (Rockville, Md, USA). The integrin inhibitor, IS201, rhodamine-labeled phalloidin, 3-(4,5-dimethyl-2-tetrazoly)-2,5-diphenyl-2H tetrazolium bromide (MTT), and dimethyl sulfoxide (dMSO) were purchased from Sigma (St. Louis, MO, USA).
Cell adhesion-MTT assay. The MTT assay is a quantitative colorimetric method to determine cell proliferation. It utilizes the yellow tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-bromide] which is metabolized by mitochondrial succinic dehydrogenase activity of proliferating cells to yield a purple formazan reaction product. cell adhesion assays were performed in 96-well plates (corning costar, cambridge, MA, USA) coated with BSA, Matrigel and FN. Matrigel and FN served as the test basements, and BSA as the contrast basement. The plates were incubated at room temperature overnight, and then hydrated by 0.1% BSA for 1 h at 37˚C. To determine the optimal density (oD) of IS201 and the experimental duration needed to reveal the effects on PcI-37B cell adhesion, PcI-37B cells were treated with or without IS201 at different concentration or for different durations. The cells were then treated with ccL19, plated in the 96-well plates at increasing cell numbers, and washed three times with phosphate-buffered saline (PBS). Next, the cells were incubated with MTT (20 µl, 5 µg/ml) for 4 h and then exposed to dMSO (Sigma) to lyse the cells. The Od was read on a spectrophotometer (Sunrise Rc, Tecan, Switzerland) through a 490-nm filter. Eight wells were analyzed in parallel for each experimental condition. Adhesion index (%) = [(Matrigel or FN conditions cell Od/ BSA conditions cell Od)-1] x100%.
Transwell assay. Migration was assayed in Transwell filter insert chambers (8 µm pore size; corning costar) as previously described (4, 11, 22) . The upper surface of the chamber contained a Transwell filter (8-µm pore size polyvinyl pyrrolidone-free). CCL19 (final density of 500 ng/ml) was placed in the lower wells. PcI-37B cells treated with or without IS201 at different concentrations or for different durations were removed from the culture flasks and added to the upper chamber. After 60 min at 37˚C, a cotton-tipped swab was inserted into the chamber to remove non-invading cells by applying gentle but firm pressure while moving the tip around the membrane surface. The lower filter surfaces were fixed with methanol and stained with hematoxylin. Cells that had migrated to the lower surface were counted under a microscope (Nikon TE2000-S Eclipse, Tokyo, Japan) at x200 magnifications. The mean number of cells per field in 10 random fields was recorded. for each experimental condition, four to five wells were analyzed in parallel. The data are expressed at the average number (± standard deviation, Sd) of cells from 10 fields that migrated to the lower surface of the filter from each of the three experiments performed.
Monolayer wound assay. Migration of PcI-37B cells was investigated through an in vitro monolayer wound assay (29) . Cells grown in 24-well plates in DMeM to confluence were scrapped with a pipette tip to create a cell-free area. wounded monolayers were washed with serum-free media to remove cell debris and incubated with serum-free dMEM containing either ccL19 (500 ng/ml) or IS201 (10 µg/ml). wound closure was followed after 0, 24 and 48 h. The wound healing effect was calculated as the percentage of the remaining cell-free area compared to the initial wound area (arbitrarily set as 100%). All monolayer wound assays included serum-free dMEM controls. The wounds were observed by phase contrast microscopy (Nikon TE2000-S Eclipse) at x200 magnifications and documented by photography. each experiment was performed in triplicate analyzing four or five scratches per well.
Immunofluorescence staining. PcI-37B cells were grown on glass coverslips, serum-starved for 24 h and cultured in 24-well plates (corning costar), and then treated with or without iS201 for 4 h, followed by CCL19 (final density of 500 ng/ml) for 30 min at 37˚C, 5% Co 2 . The cells were fixed in 2.5% glutaraldehyde for 10 min, lysed with 0.1% Triton X-100 for 5 min at 37˚C, and incubated overnight at 37˚C with the αvβ3 integrin primary antibody (1:100). The next day the coverslips were washed with PBS twice followed by cell staining with 50 µl rhodamine-labeled phalloidin, diluted to a final concentration of 10 µg/ml (1:100) in PBS for half an hour. Once again the cover-slips were washed with PBS for three times and the cell morphology was analyzed with an inverted microscope (Nikon TE2000-S Eclipse) at x800 magnification. for each experimental condition, four to five wells were analyzed in parallel.
Western blotting. PcI-37B cells were treated with or without the αvβ3 integrin inhibitor, IS201, or the ccR7 mAb and then exposed to ccL19 at a concentration of 500 ng/ml for 1 h. whole cells were harvested in lysis buffer (10 mM Tris-Hcl pH 7.6, 50 mM Na 4 P 2 O 7 , 50 mM NaF, 1 mM Nav 3 O 4 , 1% Triton X-100 and 1X protease inhibitor of protein tyrosine phosphatases). Lysates were sonicated for 3 sec and then centrifuged at 14,000 rpm at 4˚C for 30 min. The protein concentration of the lysate was determined using the Bio-Rad protein assay dye reagent (Bio-Rad Laboratories, Richmond, cA, USA), and then the protein was normalized for equal loading using a standard curve (Sigma diagnostics, USA). The protein (50 µg) was size-fractionated through a 10% SdS-PAgE gel and transferred onto nitrocellulose filters (Schleicher and Schuell, dassel, germany). The filter was blocked in PBS containing 1% skim milk, 0.1% Triton X-100, Nacl and Tris [tris(hydroxymethyl)aminomethane] overnight at 4˚C. The membrane was then incubated with the αvβ3 integrin rabbit antibody (1:1000) for 1 h at room temperature, followed by a horseradish peroxidase-conjugated secondary antibody (goat anti-rabbit, Sigma). β-actin (1:1000) served as the internal control. Bands were visualized using an enhanced chemiluminescence system (Amersham Pharmacia Biotech, Piscataway, NJ, uSA) and quantified by scanning densitometry using Fluorchem v2.0 software.
Immunohistochemical analysis. The study protocol was approved by the Medical Ethics committee of the china Medical University and performed according to the declaration of Helsinki. All of the specimens were obtained with the consent of the patients before surgery and in accordance with Health Insurance Portability. written informed consent was obtained from all individuals. The specimens were subjected to immunohistochemistry using conventional horseradish peroxidase staining methods.
To inhibit endogenous peroxide activity, sections were immersed in 100% methanol containing 0.3% hydrogen peroxide for 40 min. After antigen retrieval was performed, the sections were incubated with normal blocking serum for 10 min, then with the CCR7-specific monoclonal antibody and the αvβ3 integrin antibody (1:100) overnight at 4˚C. After the incubation period, sections were washed three times with PBS and were then incubated with the linking reagent (R&d Systems) at room temperature for 1 h. Sections were further incubated with a complex of avidin dH and biotinlylated enzyme (Zymed) for 30 min, after three washes with PBS. The sections were incubated with a medium consisting of an equal volume of 0.02% hydrogen peroxide and diaminobenzidine for visualization. All sections were counterstained with hematoxylin (Sigma). Negative controls in which the primary antibody was omitted were run in parallel. The stained slides were investigated independently by two pathologists who had no knowledge of the clinical parameters and outcomes. cell morphology was analyzed by microscopy (Nikon Eclipse 80i,) at x100 to x400 magnifications.
Tumors were classified according to the percentage of positive tumor cells: no staining observed in any cell (-), <10% or no staining; weakly positive (+), 11-50%; positive (++), 51-75%; or strongly positive (+++), >75% positive staining.
Statistical analysis. Numerical data were expressed as mean ± Sd. Statistical significance was determined using the two-tailed Student's t-test, and the minimum acceptable level of significance was set at P<0.05. in MTT assays, data were analyzed by one-way ANOvA followed by the TukeyKramer multiple comparison's test. In immunohistochemical analysis, the correlation between the ccR7 and the αvβ3 integrin expression in tumor specimens was analyzed by the Spearman's test and the χ 2 test. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Inc., chicago, IL, USA).
Results

CCL19 triggers and IS201 blocks αvβ3 integrin-dependent adhesion of PCI-37B cells.
we analyzed the time-and dose-dependent effects of IS201 using pre-coated Matrigel (Fig. 1A) and pre-coated FN (Fig. 1B) to determine whether ccL19 affects SccHN cell adhesion. ccL19-induced the activation of αvβ3 integrin and significantly enhanced the adhesion index of PcI-37B cells. IS20I is an Rgd mimetic compound that is different from other inhibitors of αvβ3 integrin presently used. It has a cyclic structure that mimics the Rgd structure of binding and acts as a selective αvβ3 integrin inhibitor. IS201 and certain synthetic Rgd-containing peptides function as competitive, reversible inhibitors of adhesion and have been widely used in studies of cell adhesion and migration and to suppress tumor metastasis. we observed that the PcI-37B adhesion index was effectively blocked by IS201. This effect was seen with several different doses of the inhibitor and various incubation times and on both pre-coated Matrigel and pre-coated FN. The adhesion index values of the two groups were significantly different (one-way ANoVA, P<0.05).
CCL19 induces and IS201 blocks the migration of PCI-37B cells in both the monolayer wound assay and the Transwell assay.
To determine whether ccL19 affects SccHN cell migration, we analyzed the time-and dose-dependent effects of IS201 using the pre-coated monolayer wound assay (Fig. 3 ) and the Transwell assay (Fig. 2) . Signaling through ccR7 was assessed in an in vitro wound healing model system that requires both migration and proliferation of cells. Defined lesions were generated in subconfluent layers of PCi-37B and the repopulation of denuded areas was studied. Under standard conditions no relevant change of the gap was apparent 12 h after inducing the lesion. After 24 h the gap started to close but was still visible at 48 h (Fig. 3, left panels) . In contrast, upon addition of ccL19 accelerated wound closure was already noticeable after 48 h. At 24 h the lesions were almost closed and at 48 h the previously cell-free areas were nearly repopulated. Furthermore, no relevant changes of the gap were apparent 24 h after inducing the lesion and the gap was still visible at 48 h after addition of IS201.
In the Transwell assay, the conditioned ccL19 medium was placed in the lower part of a Transwell unit and PcI-37B cells were added to the upper part in the presence or absence of iS201. CCL19 significantly enhanced the migration ability of PcI-37B cells. This effect was specifically blocked by iS201. The inhibitory effect intensified with increasing iS201 concentrations, but there was no sharp difference between the concentrations of 10 and 100 µg/ml (Fig. 2) .
CCL19 induces and IS201 blocks the reorganization of the actin cytoskeleton of PCI-37B cells.
Reorganization of the actin cytoskeleton is an early event in the migratory response to chemokines (17) . we used rhodamine-labeled phalloidin staining and inverted microscopy to investigate whether actin polymerization occurred in response to ccL19 and clarify its relationship with αvβ3 integrin. After 1 h of ccL19 stimulation, we observed increased actin polymerization and the formation of cell extensions that resembled filopodia (Fig. 4) . These effects were clearly inhibited by the presence of IS201.
Phosphorylation of αvβ3 integrin is activated by CCL19 and blocked by IS201. The level of phosphorylated αvβ3 integrin was determined by western blot analysis and quantified by computer-aided densitometry. Integrin phosphorylation serves as a two-sided switch for integrin activation and regulates adhesion, migration and lamellipodial stability. ccL19 induced a 2-fold increase in phosphorylation of αvβ3 integrin in PcI-37B cells (Fig. 5) . ccR7 mAb can neutralize the bioactivity of ccR7 and has been widely used as a ccR7 . ccL19 induces and IS201 blocks reorganization of the actin cytoskeleton in PcI-37B cells. ccR7 activation led to actin polymerization and formation of filopodia in SCCHN cells, whereas iS201 blocked this effect. PCi-37B cells were left untreated, treated with CCL19 (500 ng/ml) for 1 h, or treated with IS201 (10 µg/ml) for 4 h and ccL19 (500 ng/ml) for 1 h. The cells were stained with rhodamine-labeled phalloidin and showed a considerable increase in actin polymerization and cell extensions resembling filopodia upon CCL19 induction; these effects were blocked by iS201.
inhibitor. Phosphorylation of αvβ3 integrin was diminished by treatment with the ccR7 mAb, suggesting that phosphorylation was induced by ccR7 activation. The positive effect of ccR7 on αvβ3 integrin phosphorylation was also blocked by IS201, indicating that ccR7 can directly activate αvβ3 integrin, and that αvβ3 integrin may be a critical downstream target of integrin/ccR7 signaling.
CCR7 and αvβ3 integrin expression show a significant positive correlation in tumor tissues and metastatic lymph nodes. we used immunohistochemistry to investigate the expression patterns of ccR7 and αvβ3 integrin in SccHN tumor tissues, metastatic lymph nodes, normal lymph nodes and oral mucosal tissues. ccR7 and αvβ3 integrin were both found in the cell membrane and cytoplasm, mainly in the stroma surrounding tumor cells and metastatic lymph nodes. Few cells expressed ccR7 or αvβ3 integrin in normal lymph nodes and oral mucosal tissues (Fig. 6 and Table I ). ccR7 and αvβ3 integrin expression were both significantly correlated with cervical lymph node metastasis and SccHN clinical stage (P<0.05). In addition, T3/T4 tumors also expressed high levels of αvβ3 integrin (P<0.05). However, there were no significant differences in CCR7 or αvβ3 integrin expression across ages or genders (P>0.05). A moderate correlation was observed between ccR7 and αvβ3 integrin expression in SccHN tumor tissues (Spearman's r=0.627, P<0.05) and metastatic lymph nodes (Spearman's r=0.881, P<0.05) but not in normal lymph nodes (Spearman's r=0.205, P>0.05) or normal oral mucosal tissues (Spearman's r=0.097, P>0.05).
Discussion
The critical problem in SccHN therapy is the metastasis, especially to the lymph nodes, lung, liver and bone. Metastasis involves cell separation from the primary tumor, migration into the EcM, blood vessel invasion, adhesion to the endothelium and extravasation and growth in a secondary organ (30) . Integrins are involved in each step of this metastatic cascade and sustain cell survival and cell-cell interactions in target organs. during these steps, αvβ3 integrin activates focal adhesion kinase (FAK) to mediate cell-cell adhesion or cell-EcM adhesion, thus affecting signal transduction, proliferation, differentiation, survival and apoptosis. The signals transmitted by integrins exert a stringent control over survival and proliferation, impart polarity and organize and remodel the cytoskeleton during adhesion and migration of many types of carcinoma cells (31) . Figure 6 . ccR7 and αvβ3 integrin expression show a significant positive correlation in tumor tissues and metastatic lymph nodes (original magnification, x200). SccHN tumor tissues, metastatic lymph nodes, normal lymph nodes, and ten normal human oral mucosal tissues showed immunoreactivity for ccR7 (A) and αvβ3 integrin (B). ccR7 immunoreactivity was mainly observed in the cell membrane and cytoplasm of tumor cells, similar to αvβ3 integrin staining. Expression of ccR7 and αvβ3 integrin in normal lymph nodes and normal human oral mucosal tissues was weak or absent. Figure 5 . western blot analysis of αvβ3 integrin phosphorylation in PcI-37B. PcI-37B cells were treated with or without the αvβ3 integrin inhibitor IS201 (10 µg/ml) or the CCR7 mAb (10 µg/ml) for 4 h at 37˚C, followed by CCL19 (200 ng/ml) at 37˚C for 1 h. Activation of CCR7 induced αvβ3 integrin phosphorylation and this effect was blocked by ccR7 mAb and the IS201 inhibitor. The results are representative of three independent experiments. Expression relative to β-actin is shown as the mean ± Sd ( ccR7 has been shown to interact with chemokines (ccL19, ccL21) and modulate migration, invasion and proliferation of metastatic SccHN (10, 11, 28) . However, the mechanisms and the signaling pathways underlying ccR7-mediated adhesion and migration remain poorly understood. In the present study we show that ccR7 regulates cell adhesion and migration in metastatic SccHN via αvβ3 integrin. ccR7 and integrins are transmembrane proteins. Signal transduction through these proteins leads to the activation of g proteins and phospholipase c and the elevation of cytosolic free calcium. The chemokine ccL21 induces the adhesion of non-small lung cancer cells to vascular cell adhesion molecule-1 (vcAM-1) by activating integrin through a g protein-coupled receptor (22) .
αvβ3 integrin has been suggested to play a crucial role in mediating the adhesion and arrest of other cell types in endothelial vessels of the lymph nodes, in accordance to its induced invasion of HeLa (32), ovarian cancer (33) and other carcinoma cells (13) (14) (15) (16) . It has been reported that αvβ3 integrin can be activated by certain members of the chemokine family, including CCR9 (CCL25 ligand) (34) and CXCR4 (CXCL12 ligand) (2, 21, 35) , but little information is available regarding its interaction with ccR7 (ccL19 and ccL21 ligands), especially in SccHN. Our results show that stimulation with ccL19 resulted in increased adhesion and migration of SccHN cells. ccR7 induced the activation of αvβ3 integrin, which interacted with effector molecules such as intercellular adhesion molecule-1 (IcAM-1), vcAM-1 and mucosal address in cellular adhesion molecule-1 (MadcAM-1). Similar to previous reports, we found that inhibition of αvβ3 integrin led to a concomitant inhibition of ccL19-induced adhesion and migration of SccHN cells.
cancer metastasis organ selectivity is regulated not only by tumor cell migration but also by adhesion at the target organs. This integrin-mediated adhesion, which can be induced by ccR7, has been reported to regulate the migration of lymphocytes to the lymph node (36) . In this study, we used the MTT, Transwell migration assay and the Monolayer wound assay to show that ccL19-induced activation of αvβ3 integrin significantly enhanced the adhesion (Fig. 1) and migration ( Fig. 2 and Fig. 3 ) indexes of SccHN cells. These effects were blocked by the αvβ3 integrin inhibitor, IS201. These results support the hypothesis that ccL19 produced in the lymph nodes might induce SccHN cell migration into these organs through a ccR7-mediated mechanism. High levels of actin polymerization are required for the formation of pseudopodia, which are needed for chemokine-mediated cell migration and invasion into surrounding tissues as well as efficient metastasis formation (37) . We observed that reorganization of the actin cytoskeleton in PcI-37B cells was enhanced by treatment with ccL19, an effect which was inhibited by the Rgd-peptide (Fig. 4) .
other studies have shown that CXCL12-induced CXCR4-mediated signals can regulate the phosphorylation of αvβ3 integrin (2, 21, 35) . Our western blot analysis shows that stimulation with ccL19 also resulted in increased phosphorylation of αvβ3 integrin, an effect which was blocked by the ccR7 mAb and the IS201 inhibitor (Fig. 5) , in accordance to previous studies (21, 23) . β1 integrin may indeed be the pertinent downstream target of the ccR7 pathway in this system. ccR7 and αvβ3 integrin have been reported to be highly expressed in various tumors (6, 8, 14, 16, 24, 27) , consistent with the findings of the present study. our immunohistochemical analysis of 78 cases confirmed the presence of ccR7 and αvβ3 integrin in the cytoplasm and cell membrane of SccHN tumor tissues and metastatic lymph nodes. Expression of these proteins was significantly correlated with cervical lymph node metastasis and clinical stage, such that it was low or absent in normal lymph nodes and oral mucosal tissues. ccR7 expression was proposed as a novel predictive biomarker of cancer metastasis. Future studies that include immunohistochemical analysis of both ccR7 and αvβ3 integrin might be used to predict lymph node metastasis (30) . we propose that ccR7 stimulation by ccL19 leads to αvβ3 integrin activation, which in turn promotes SccHN modulation of adhesion molecules, cell migration and actin polymerization. Taken together, the present study supports a novel hypothesis that ccR7 regulates not only migration but also the adhesion of metastatic SccHN cells via αvβ3 integrin. ccR7 and αvβ3 integrin might therefore serve as target molecules for SccHN therapy aimed to prevent metastasis to lymph nodes. Further studies are still needed to elucidate the molecular mechanism by which ccR7 triggers αvβ3 integrin and to determine whether this is a unique or ubiquitous phenomenon. The αvβ3 integrin inhibitor, IS201, is an interesting candidate for the development of novel therapies for the treatment of SccHN, which deserve further attention and study. It is not expected that inhibition of the ccR7-αvβ3 integrin pathway can cure tumors; however, clinicians might improve patient prognosis by blocking ccR7-αvβ3 integrin in conjunction with other factors in adjuvant chemotherapy thus providing us with a novel therapeutic approach that may improve the prognosis of SccHN patients.
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